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Abstract                                                                                                                                                                                                          
Wood dust reinforcing polymer matrix composites has been one of the epoch-making and pioneering study both from scientific 
and economical eye over the last decades, due to the eco-friendliness and aesthetical properties. Wood dust is suitable and 
beguiling filler for thermoset polymers due to its cost effectiveness, low density and high specific properties. It is biodegradable 
and nonabrasive during processing. The research was proceeded with the objective of evaluating the effect of different types of 
wood saw dust on the properties of composite materials. In this experiment, thermal behaviours of composites reinforced with 
wood dust particles of various woods (three types of woods) were investigated. Size was a viable parameter to control the 
properties of developed composites. As a result two different particle sizes as medium and coarse sized wood particles were used 
to develop the composites and characterize their thermal conductivities. The results of the experiment thus observed were quite 
interesting. Pure polyester has been found to have lower thermal conductivity compared to that of any wood reinforced polyester 
and that wood strength or true density has been found to influence the thermal conductivity of the as-received polymer. With 
increase in the dust particle content, thermal conductivities of all composites have been found to increase.   
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1. Introduction  
 
 Composite is one of the most advanced and adaptable engineering materials known to men. Progresses in the 
field of materials science and technology have given birth to these fascinating and wonderful materials. Composites 
are heterogeneous in nature, created by the assembly of two or more components with fillers or reinforcing fibres 
and a compactable matrix. 
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It gives the composites their shape, surface appearance, environmental tolerance and overall durability while the 
fibrous reinforcement carries most of the structural loads thus giving macroscopic stiffness and strength [1].  
 Wood is a natural polymeric composite and consists primarily of cellulose, hemicellulose and lignin [2]. The 
cellulose fiber provides strength and the lignin is the "glue" that bonds and stabilizes the fiber. There is also a good 
potential for the use of natural fibers/particles as reinforcing fillers in polymeric materials. The utilization of ligno-
cellulosic materials in the production of polymeric composites is attractive particularly because of low cost/high 
volume applications. Bio-degradable ligno-cellulosic fillers possess several advantages compared to inorganic 
fillers, such as lower density, greater deformability, lower abrasiveness and cost [3–10]. The main drawbacks of 
wood particles are their relative low degradation temperature and their hygroscopicities, which weaken their 
adhesion with hydrophobic polymers. However, wood fibers show very good mechanical properties such as tensile 
strength and Young’s moduli [11].  
The past decade has seen fast and steady growth of wood plastics industry. Among many reasons for the 
commercial success, the low cost and reinforcing capacity of the wood fillers provide new opportunities to 
manufacture composite materials. The main application areas of wood flour filled composites are the automotive 
and building industries in which they are used in structural applications as fencing, decking, outdoor furniture, 
window parts, roofline products, door panels, etc. [12, 13]. The elastic modulus of wood fibers is approximately 40 
times higher than that of polyethylene and the strength is about 20 times higher [14]. The increased awareness of 
people today is forcing the industries to choose natural materials as substitutes for non-renewable materials. Wood 
has been used as building and engineering material since early times and offers the advantages of not just being 
aesthetically pleasing but also renewable, recyclable and biodegradable [15].interest in the use of wood as filler 
and/or reinforcement in  thermosets are due to the many advantages. Low density, high stiffness and strength, and 
low price are some of these advantages [16-17]. The environmental awareness of people today is forcing the 
industries to choose natural materials as substitutes for non-renewable materials.  
 
2. Experimental procedure 
2.1 Natural Filler Preparation 
 
Three different types of woods of various tensile strengths i.e. Gamari, Garjon and Kerosene were purchased 
from the local market. Several pieces of rectangular shaped test pieces (Fig.1) were cut from each type of wood 
stock for apparent density measurement.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For getting sufficient amount of wood saw dust, part of the stock wood was also randomly sliced by power saw. 
The saw dust thus produced was screened to get particles of various finenesses, e.g. medium and coarse sized 
particles by sieve. In Table 1(a), the sizes of wood saw dust particles have been shown. Apparent and true density of 
the  wood saw dust has also been found using the normal mass/density and pycnometer method respectively which 
is illustrated in Table 1(b).     
(a)   (b) (c) 
Fig. 1. Rectangular blocks made from three different woods (a) Kerosene, (b) Gamari and (c) Garjan. 
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Table 1 (a). Sizes of wood dust particles of various finenesses.                       Table 1 (b).  Densities of Wood saw dust.     
 
2.2 Material Preperation for Compounding and Molding 
 
Matrix material i.e. polyester was purchased from market. Liquid thermoset type polyester was selected as matrix 
material for this study. In order to know the effect of saw dust addition into the polyester, all types of test samples 
were prepared from pure polyester and wood saw dust particles reinforced composite materials. Usually air/gas 
remains dissolved into the liquid polyester and when solidified, it makes various types of defects such as gas 
pockets, bubbles, microcracks etc. These defects deteriorate the properties of the cast samples. So, before casting the 
liquid polyester into a dies, it was made gas/air free. For each time of vacuum process, it took about 10 minutes. 
Then hardener (methylethyle keton peroxide) of required proportion was also added inside the gas free liquid 
polyester and stirred properly for obtaining an uniform mixture. The mixture was again evacuated putting the beaker 
inside the vacuum chamber for removing air. Due to addition of hardener, the mixture formed glutinous mass within 
2-3 minutes. At this moment, the beaker was taken from the chamber and the pasty mass was cast into die of 
required shape. 
In the case of wood dust particle reinforced composite casting, wood dust particles and liquid polyester of 
required proportion was taken into a beaker and the mixture was stirred properly to get uniform distribution of the 
reinforcing particles. The well-mixed polyester with wood particles was taken into the vacuum chamber and made 
gas/air free following the procedure mentioned earlier. After that, the beaker was taken out of vacuum chamber, 
followed by addition of required proportion of hardener into the mixture. This mixture was again evacuated 
following the same procedure. After full vacuum process, the glutinous mass was cast into the die to obtain 
specimens for various tests. 
In this research work, test samples were made from pure polyester and polyester based wood particle reinforced 
composites containing 5 and 10 wt% of wood particle. So, the main variables of the test samples were wood of 
various strengths, proportion of wood particle (5 and 10 wt %), size of the wood particle (medium and coarse sizes), 
etc. Sample codes and related variables are shown in the Table 2.  
 
Table 2. Compositions of polyester-untreated wood saw dust composites. 
                                                                                                                                                            
    Sample Code Matrix Filler Particles Filler (wt%) 
P(0) 
GMM 
GMC 
GRM 
GRC 
KRM 
KRC 
Polyester 
Polyester 
Polyester 
Polyester 
Polyester 
Polyester 
Polyester 
Nil  
Gamari  Medium 
Gamari  Coarse 
Garjan  Medium 
Garjan  Coarse 
Kerosene  Medium 
Kerosene  Coarse 
0 
5 & 10 
5 & 10 
5 & 10 
5 & 10 
5 & 10 
5 & 10 
                            
2.3 Casting of Samples for Thermal Conductivity Tests    
  
     Five samples of each group were made by following materials and casting procedure mentioned in the earlier 
section. The casting used for this purpose and the as cast sample are shown in Fig. 2. The test samples were circular 
shaped with 100 mm diameter and 10 mm thickness. Among five samples, only two were taken for thermal 
conductivity tests. Before this, all test samples were polished by emery papers for obtaining plane surfaces.  
 
     Name of Wood Apparent Density(g/cc) True Density(g/cc) 
       Garjan   0.74   1.30 
     Kerosene   0.46   1.12 
      Gamari   0.38   0.86 
     No. Type of Particles Size of Particles( μm) 
       1. Medium    250-500 
       2. Coarse     >500 
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2.4 Thermal conductivity test  
Among 5 samples, only two specimens for each group were tested. Thermal conductivity was measured using 
Ritz apparatus. The test arrangement is shown in Fig.3.  
In this process steam is passed into a brass chamber C and has two parts consisting of hollow brass cylinder. At the 
bottom of steam chamber there is a copper plate B, which quickly absorbs heat from steam and transfers to the 
sample S placed in contact with the copper plate. Below the test sample, there is another copper plate A. Heat flows 
from the upper surface to the lower surface of the test piece. T1 and T2 are two thermometers to measure the 
temperatures of the opposite of the test specimen S.   
When upper temperature and lower temperature became steady, the heat supply was stopped. Cooling 
temperature and time were recorded until the temperature has reached room temperature. Cooling temperature 
versus time were plotted in the excel sheet thus obtaining a cooling curve. From this cooling curve thermal 
conductivities were measured.   
 
 
 
 
3. Results and Discussion 
 
3.1 Effect of Proportion and Wood Particle Size on Thermal Conductivity of Polyester  
 
Thermal conductivities of pure wood, polyester and wood dust filler composites were measured by using Sale’s 
method. The thermal conductivity curves of pure woods and polyester are presented in Fig. 4(a). From this figure it 
is clear that pure polyester has lower thermal conductivity than that of any as-received wood used for this research.  
 
 
 
 
 
 
 
 
 
 
 
  (a) (b) 
Fig. 2. Photographs showing the (a) casting mould, (b) as cast sample 
Fig. 3. Thermal conductivity measurement setup. 
Fig. 4(a). Temperature versus time curves of pure polyester and as-
received wood. 
 
Fig. 4(b). Temperature versus time curves of pure polyester and 
untreated medium size Garjan wood particle reinforced composites. 
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The effects of volume fraction of wood particle of various woods on the temperature vs. time curves for the 
thermal conductivity tests are presented in Figs. 4(b)-4(d).  From these figures it has been seen that the cooling rate 
of pure polyester is slower, i.e. the thermal conductivity of pure polyester is lower than that of the wood particle 
reinforced composites. From these figures, it is also evident that with increase in the proportion of wood particles, 
thermal conductivities of all woods slightly increase.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     The reason of improvement in thermal conductivity of the wood saw dust reinforced polyester based composites 
is that the filler material contains thermal releasing objects which are thermally conductive whereas used wood is 
thermally conductive compared to polyester. The effects of coarse size wood particle on the thermal conductivities 
of wood particle reinforced composites are presented in Figs. 4(e)-4(g). From these figures it is clear that coarse size 
of wood particles within the range used in this research has no significant effect on the thermal conductivities of the 
developed composites. These results are arguable due to the reason that all woods have similar type of cellulosic 
materials having similar thermal conductivity levels.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4(c). Temperature versus time curves of pure polyester and 
untreated medium size Kerosene wood particle reinforced composites. 
Fig. 4(d). Temperature versus time curves of pure polyester and untreated 
medium size Gamari wood particle reinforced composites. 
 
Fig. 4(e). Temperature versus time curves of pure polyester and untreated 
coarse size Garjan wood particle reinforced composites. 
Fig. 4(f). Temperature versus time curves of pure polyester and untreated coarse 
size Kerosene wood particle reinforced composites. 
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4. Conclusion 
 
Certain test method was adapted for thermal conductivity tests of pure polyester and wood reinforced composites. 
According to the experimental results, pure polyester has been found to have lower thermal conductivity compared 
to that of any wood. With increase in the dust particle content of the untreated wood particles, thermal conductivities 
of all composites have been found to increase. The apparent density and true density of Garjan wood was found to 
be greater than that of Kerosene and Gamari, and also that, the thermal conductivity of Garjan was found to be the 
least among the three types of wood and Kerosene has the highest thermal conductivity. We can also conclude that 
the thermal conductivity of a denser wood is lower than that of a light wood and hence the thermal conductivity of a 
composite with denser reinforcing wood saw dust particles is lower than that of the composite with less dense 
reinforcing wood saw dust particles. 
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